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Abstract 
In this work an RFID timing system is presented, which is permanently installed in various track and field stadiums for 
stationary and continuous use. The components have to be integrated during construction time in a way that makes it possible to 
maintain or exchange parts of the timing system also after the completion of the construction process. The athletes wear active 
RFID transponders either on their shoes or on their ankles. Measurements and comparisons between conventional light barrier 
timing systems and the RFID timing system with ankle-worn transponders show deviations of about 25ms. This is much 
smaller than the timing resolution of the competition rules for hand-timed races (100ms) and can be neglected for training 
purposes and even for middle distance running competitions. The time stamp of each athlete is recorded, personalized and can 
be presented via sports web portals and social networks. 
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1. Introduction 
Timing systems for mass running events typically use radio frequency identification (RFID) devices as shown 
by Finkenzeller (2003). These devices, called transponders, tags or just chips, are fixed with the shoelace or are 
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worn with a strap around the ankle. Newer technologies of RFID tags for running events use ultra-high frequency 
(UHF) transponders like the ones described by Howell (2009) which can also be worn on higher parts of the 
upright body instead. 
These transponders can be detected by an RFID decoder and a detection line formed by a detection loop or 
antennas on or in the floor. The MYLAPS ProChip system which is also used for the measurements presented by 
this paper can, for instance, cover distances of up to 0.9 meters between transponder and antenna as specified by 
MYLAPS (2010). It is possible to detect two or more runners passing the detection line at the same time. The 
decoder registers all transponders crossing the detection line and stores a tuple of tag ID and timestamp for each 
passing. These fixed components of the timing system are housed in portable and ruggedized cases with 
autonomous energy sources and dedicated, highly reliable data storage.  
The connectivity to the data processing unit is realized via wired networking, WIFI or modems for cellular 
networks. A computer can then read the recorded passings from the decoder and produce a result list with all 
runners and their times. The timing of a whole running competition can be done in a very comfortable way without 
the need of manually operated clocks and hand-written tables. 
The designated period of utilization of such devices is typically limited to the duration of one sporting event, 
mostly because of high costs and sensitive parts of the equipment. This paper describes an application of these 
technologies in a more permanent environment. 
The new approach is to install such a system permanently into the 400 meter running track of an outdoor 
athletic stadium. In the case of training, this can be used for running a number of laps on the 400 meter and trying 
to stay inside specific time intervals for each lap. When a whole team uses the running track, the runners can 
compare their split times, total times or total distances. Moreover, a coach can measure an athlete’s performance 
and adjust the training plan accordingly. Finally, runners can copy all their split times into their individual sports 
diary with the help of modern technologies. Even the presentation and exchange of the training achievements to the 
sporting community can be done very conveniently (social networks, etc.). 
2. Construction Works 
This section describes the requirements for the installation and setup of the hardware of a permanent RFID 
timing system in a track and field stadium. In addition to the detection and time measuring hardware itself 
presentation components like displays or a video wall can be added and must be connected to the system. 
2.1. System Structure 
As a reference the arrangement of the components in the track and field stadium of the city of Klagenfurt, 
Austria can be seen in Figure 1. The detection loop (two parallel wires, similar to the inductive loops at street 
crossings with traffic lights or at the entrance/exit of parking lots) is placed exactly under the start/finish line of the 
400 m track. Another loop is placed at the opposite side (at about 200 m). The pipes for the wires are embedded 
into the concrete base plate of the track as shown in Figure 2. The RFID decoders are located close to these loops 
and are situated inside weather-proof boxes with network and power connection. The recorded times are shown for 
a short time on an outdoor display close to the 400 m line. Optionally, a second display on the opposite side can be 
used for the 200 m split time. 
A stationary computer, called scoring computer, is necessary for managing the communication between the 
decoders and the displays and for processing the times recorded by the decoders. This computer is situated inside 
the stadium building in an IT room and must have connection to all components via network. If the results are to 
be published and presented on the World Wide Web, an Internet connection is also required. 
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Figure 1. Location of the components in the stadium. 
 
 
Figure 2. Cable pipes being installed below running track surface. 
For all installations power and networking connectivity must be available. Because of the large distances fiber 
optic cables are recommended for the network connection. Another possibility is to connect the active components 
with the stadium’s WiFi network which significantly reduces the installation costs. 
2.2. Required installation work 
The preparation work for implementing a permanent RFID timing system in a running track includes the 
installation of the following infrastructure elements: 
x Detection loop pipes below the track at measurement points. 
x Water-resistant boxes for the decoder hardware near the loops, ideally also underground. 
x Power and network connectivity in these boxes. 
x An IT room also equipped with power and network connectivity to support the scoring computer. 
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3. Accuracy analysis in comparison with light barriers 
When compared to conventional timing systems for track running competitions like light barrier detection as 
described for example by Duxbury (2010) or high-speed line scan cameras, RFID systems have some obvious 
advantages. Some of them are: 
x Easy support for more than one runner on the track. Light barriers/line scan cameras can only 
accomplish this with manual assistance because they cannot identify the runner passing them. 
x Transponders can be assigned to runners permanently. In this case no additional input is required before 
or after a race and results can be generated in real time. 
x The system can work by itself without having to rely on an operator during training times. 
 
According to the International Association of Athletics Federations competition rules book (IAAF, 2013), for 
all races up to and including 10,000m, the measured time must be recorded with 10ms resolution. The use of RFID 
timing in official track races as the sole means of timing is not permitted. One reason for this is the insufficient 
accuracy and another one is the need for camera imaging to decide in questionable cases when the hardware 
reports a tie (photo finish). 
For training purposes, however, a permanently installed and totally automated RFID system can provide simpler 
usage and data handling. This is why a comparison between a conventional track timing system and an RFID 
system, both of which are available at the outdoor athletic centre in the city of Klagenfurt, has been done. 
3.1. Measurement setup 
The RFID system used was a MYLAPS Type 3 decoder connected to a detection loop with a length of 12 meters 
(one direction) at the start/finish line of the track. 
The reference light barrier system consisted of two HL2-31 photocells by TAG Heuer. The two photo cells were 
aligned on a tripod one above the other and directed towards a reflector panel on the other side of the track (as can 
be seen in Figure 3). To have a common time base the two photocells were connected in series to a digital input on 
the MYLAPS decoder. The decoder stores passings through the light barrier in the same way as ones with RFID 
chips distinguishable by a special transponder ID value. 
Two athletes kindly offered their help for our measurement and were equipped with a total of twelve MYLAPS 
ProChip RFID transponders each. Each athlete wore two transponders on his left ankle, two on his right ankle, two 
on a strap around his hip, two on his left wrist, two on his right wrist and two on a strap around his chest. 
The athletes had to perform typical running speeds and body positions when crossing the finish line. These include 
slow training speed, middle distance speed and sprint speed. Additionally the athletes tried to pass the finish line 
with different leading leg and arm positions. 
3.2. Results 
The two runners first took turns running and passing the finish line setup 14 times (28 passings). Then they 
passed the line simultaneously five times in such a way that the light barrier was only triggered once (as can be 
seen in Figure 3). This procedure resulted in a list of detections which were first assigned to the athlete and the 
body part on which the respective chip had been worn. In a second step the detections were grouped by the passing 
they originated from and the light barrier detection corresponding to each was looked up. Then some statistical 
measures have been calculated which are shown in detail in the following. 
After calculating the deviation between the light barrier times and the RFID times for all detections the 
detections were grouped by body parts. To remove the systematic error resulting from the position of the RFID 
loop with respect to the real finish line, averages of the deviations over all detections from each body part were 
subtracted from this body part’s deviation values. Then the random error detection can be obtained by taking the 
absolute value of the deviation. 
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3.2.1. Error when using single chip times 
The first approach is just taking the detections, directly calculating their error and grouping them by body parts. 
The resulting error averages and the error’s corrected sample standard deviations can be seen in Table 1. 
The average error is the primary quality measure for chip placement on a body part. The error’s standard 
deviation gives an estimate for the variation of the error amount. The percentage of successful detections indicates 
the detection rate experienced during this experiment. The hit count is an indicator for the quality of the signal. A 
higher value indicates that the transponder has spent a longer time inside the detection range. 
From these results it can be seen that placement of the chip on the athlete’s hip yields the most accurate results 
(lowest average error) and placement on the ankle is the most reliable (low error standard deviation and high hit 
count). The chest chips show a high error standard deviation and a low average hit count which are both indicators 
for bad signal conditions (as expected when considering the recommended maximum of 0.9 meters between loop 
and chip). The worst performance by far has been observed with wrist-mounted chips. 
At this point it must be said that the detection rates given here are not representative for a real setup due to the 
small number of passings. In practice a detection rate of 100 % for chips worn on chest level cannot be expected. 
Table 1. Statistical figures for detections grouped by body parts. 
Part of 
Body 
Average error 
in ms 
Standard deviation 
of error in ms 
Number of 
detections (samples) 
Percentage of 
successful detections 
Average hit 
count 
Ankle  32.6  24.9  152  100 %  46.2 
Wrist  67.3  64.8  115  86 %  26.6 
Chest  23.0  21.6  76  100 %  24.5 
Hip  21.7  16.9  71  93 %  23.4 
3.2.2. Error when combining times of multiple chips 
The results in section 3.2.1 suggest that the accuracy and reliability can be improved by combining (averaging 
over) the detections of chips from a single passing across multiple body parts and calculating the same statistical 
measures as before with the results. The results can be seen in Table 2. 
Table 2. Statistical figures for combinations of detections from different body parts. 
Combination of body parts Average error 
in ms 
Standard deviation 
of error in ms 
Number of chips 
considered 
Two chips on the hip  20.2  15.2  2 
Four chips on two ankles  20.1  17.4  4 
Two hip chips and two chest chips  16.0  12.9  4 
Two hip chips and four ankle chips  16.7  15.8  6 
Two times two hip chips and four 
ankle chips (weighted average) 
 15.9  15.5  6 
 
A first approach can be to combine the two chips worn on the athlete’s hip. This leads to a slightly lower 
estimated error than with just one hip chip used at once. A problem with this setup is that the reliability of hip-
mounted chips is not high enough to use them exclusively. 
For best reliability on the other hand the four ankle chips can be used. Because the amount of chips used is 
doubled compared to the first approach the average error is smaller, too. A higher degree of randomness is visible 
in form of the higher value of the error’s standard deviation. This is because the leg’s position is not very 
representative for the position of the whole body in this case. 
The most accurate result can be obtained by combining the results of hip and chest chips. However, this is not a 
practical alternative because it would be highly unreliable. 
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Combining hip and ankle chip results is a feasible option again. It turns out that it is a very accurate alternative, 
too. Compared to the hip-only or ankle-only approach the average error is significantly smaller while maintaining a 
small standard deviation. The drawback of this configuration is the high number of required chips. 
Another small improvement can be achieved by putting a bigger weight on the hip’s times when combining 
them with the ankle’s times. 
 
 
Figure 3. Athletes on their way to the combined RFID and light barrier finish line. 
4. Conclusion 
An important topic in the context of this type of RFID timing system is the deviation of the measured lap times 
compared to official photo sensor timing systems which use a light barrier to detect the upper part of the athlete’s 
body. Measurements show that an average error (deviation compared to light barrier measurement) of less than 
4/100 seconds can be achieved which is adequate for normal training purposes. In the case of wearing multiple 
RFID transponders spread across multiple parts of the body, average errors can be decreased to as few as 2/100 
seconds. 
For race conditions not only average error but also the variance thereof is of crucial importance. This is one of 
the reasons why RFID timing is not approved for track running competitions. Measurements prove that RFID 
timing is indeed not (yet) capable of providing appropriate repeatability in this context. Even for more complex 
setups the errors reached values around 7/100 seconds and the error’s standard deviation figures show that even 
higher errors must be expected in practice. 
Nevertheless, timing during training can become significantly easier with permanently installed RFID timing 
systems. The results show that even with an unofficial but very easy usable timing system, the measured running 
times are 20-60ms (dependent of the transponder’s position) close to the results given by an official timing 
systems. Training result keeping and performance tracking for the athletes themselves as well as for coaches can be 
simplified and less manual work is required when doing the training itself.  
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